The interrelationships among measures of learning and measures of abilities were investigated by administering a battery of ability tests and learning tasks to 102 6th-grade children. The learning tasks included concept-formation, paired-associate, and rote-memory tasks with verbal, numerical, and figural material. Ability scores and measures of learning were factor analyzed and 7 factors extracted. 1 factor was restricted to the ability measures; 3 were restricted to the learning measures; and 3 were common to both the ability and learning measures. It was concluded that performance in a learning task is related to measured abilities and to performance in other learning tasks and that there are learning factors which are not related to the abilities measured.
The first half of the twentieth century saw considerable interest in the relationship between learning ability and intelligence. Experimenters fairly consistently failed to demonstrate an association between them, however, so that we find statements to the effect that learning ability and intelligence are not the same thing (Guilford, 1940; McGeoch & Irion, 1952; Tyler, 1956; Woodrow, 1946) . In addition, learning in one situation appeared to be unrelated to learning in other situations (Guilford, 1940; Husband, 1939 Husband, , 1941 .
These conclusions contradict everyday observation as well as the consistently high relationship found between intelligence and scholastic achievement and the established usefulness of ability testing for selection and prediction. Resolution of this con-tradiction depends first of all upon adequate measures of learning, and second upon the scope and nature of the learning situations and of the abilities measured.
Measures of learning ability which have been used include final level of attainment, gain (the difference between initial and final levels), and parameters of learning curves. Each of these is subject to more or less serious objections, including the effect of different initial levels, ceiling effects, unequal difficulty at different stages of learning, the choice of the functions to represent the learning process, and the number of parameters required by the function.
Two comparatively recent studies have investigated the relationship between learning and measured abilities using parameters of fitted learning curves. Both Stake (1961) and Allison (1960) found in factor-analytic studies that parameters of learning curves were related to ability and achievement measures and that there were additional factors common to more than one learning situation, but no general factor common to all. Games (1962) also found that the learning of serial and paired-associate verbal tasks was related to measures of rote and span memory. Additional evidence of a relationship between 220 learning and measured abilities is contributed in the area of motor tasks by Fleishman and Hempel (1954, 1955) and Fleishman (1960) .
It is apparent, then, that abilities do contribute to performance in a learning situation. The principal difference between the present investigation and previous ones is an attempt to provide more adequate measures of learning performance and to systematically vary a small variety of learning tasks. The basic question is the relationship between measures of ability and measures of learning and between measures of learning in one task with those in other tasks.
METHOD

Learning Tasks
Three types of learning tasks and three types of material were combined for a total of nine tasks. The types of task were conceptformation, paired-associates, and rote-memory; the types of material were verbal, numerical, and figural.
The concept-formation tasks were adapted from the Wisconsin Card Sorting task (Berg, 1948) . Each task consisted of a series of stimuli printed one to a page, the pages being bound into a booklet. Each stimulus had four attributes which varied in three steps. For example the figural concept-formation task stimuli had one, two, or three borders; one, two, or three figures; the figures were either circles, squares, or triangles; and the figures were either white, shaded, or black. For each task one of the FIG. 1. Positive (left) and negative (right) instances of the concept "shaded" taken from the figural concept-formation task. (The correct response was printed on the back of each page behind the crosshatched area.) values of one of the attributes was chosen as defining positive instances of the concept. For the example given, the concept was "shadedness"; that is, all stimuli having a shaded figure or figures, whether they were circles, squares, or triangles and regardless of the number of borders, were positive instances of the concept.
The attributes and steps of the three concept-formation tasks are presented in Table  1 . Figure 1 presents a positive and a negative instance of the concept "shaded." Twenty-five of the possible 27 positive instances and 25 negative instances were chosen and a block of 60 pages prepared. The sequence was random subject to the following restrictions: (a) the first stimulus was a positive instance, (6) there were five positive and five negative instances in each block of 10, and (c) no more than three positive or three negative instances occurred consecutively. The block of 50 stimuli was repeated twice for the figural task and three times for the verbal and numerical tasks to make booklets of 100 and 150 pages, respectively.
At the bottom of each page was a line on which the subject was instructed to mark a plus (+) if he thought the stimulus was "correct" or a zero (0) if he thought it was "wrong." He then turned the page and checked his answer against the correct answer printed on the back of the page. On the last page of the booklet he was asked to write the basis for his responses, to verbalize the concept, if he could.
The instructions to the subjects stated that they would be guessing at first, but that as they went along, they should be able to get more and more correct answers, and that they were to try to get as many correct as possible. A subject's learning performance was scored in terms of the number of correct responses for successive blocks of 10 stimuli. Table 2 presents the pairs used in the paired-associate learning tasks. All three tasks were presented in modified teaching machines using the anticipation method. Thus the subject turned the knob of the machine until the stimulus member of a pair appeared in the opening of the machine. If he knew the response member of the pair, he wrote it on the paper, then advanced the paper so that the stimulus and the subject's response moved under a plastic window and the correct response appeared in the opening. The experimeter set the pace, telling the subjects when to turn to the stimulus, etc. Approximately three seconds were allowed for the stimulus members of the numerical and figural tasks and four seconds for the verbal task in order to provide time for the subjects to write their responses. Approximately two seconds were allowed for the response members of all pairs. Each set of pairs was presented 15 times in different, randomized order, with approximately 10 seconds between repetitions. The subject's score was the number of correct anticipations on each repetition after the first presentation.
The lists used in the verbal and numerical rote-memory tasks are given in Table 3 . The lists were each presented 12 times in the same order, at a rate of approximately one word or number every two seconds, with approximately 10 seconds between presentations. Each presentation was followed by a free-recall test. A subject's score was the number of words or numbers recalled correctly on each test, without regard to order of recall.
In the figural rote-memory task, 16 nonsense figures were presented for study for 15 seconds. Immediately following the study was a recognition test in which 16 groups of five nonsense figures were presented, each group containing one of the original figures. The study and test were repeated 12 times, and a subject's score was the number of figures correctly identified on each test.
Ability Tests
The abilities selected for measurement were chosen on the basis of a priori judgment of relevance and the availability of suitable tests. 
Procedure
The learning tasks and ability tests were administered in eight sessions, each approximately one hour long. The sessions occurred in the mornings and afternoons of four consecutive days. They were administered in the regular classrooms by psychology graduate students. The distribution of tasks and tests within sessions was determined randomly with the restriction that no learning tasks of the same type or material and no tests of the same ability were included in the same session. There was one exception to this rule; the two memory-span subtests were prerecorded and, to avoid the use of five tape recorders on two days, were administered as the first and last tests of the same session.
In scoring the learning tasks, liberal standards were used with regard to spelling. In addition, in all cases where appropriate, the students were told that there was no penalty for guessing, that if they thought they knew an answer but were not sure to go ahead and mark it.
Analysis
Each learning task was scored in terms of the number of correct responses in successive blocks or trials. The Subjects X Trials matrix for each task was analyzed separately according to a method developed by Tucker (1960) . The characteristic roots and vectors of the crossproduct matrix formed from the raw score matrix were found and a decision made as to how many were significant.
The factor scores or coefficients of the subjects on these unrotated factors were then calculated. The scores obtained in this way indicate the contribution of each component to each person's performance in that particular learning situation. In other words, the first step determines how many factors are involved in learning a given task; the second step determines the importance or weight of each for a given individual. The scores for the individual were assumed to describe his learning performance.
The individual's scores on all of the learning tasks were then combined with his achievement and ability scores, and the resulting correlation matrix was factor ana-lyzed. Seven factors were extracted, and rotated to an equamax solution.
RESULTS
Learning Tasks
Figure 2 presents the learning curves averaged across the 102 subjects for each task. Learning was not as complete as desirable for the conceptformation tasks, and the number of correct verbalizations of the concepts was correspondingly small, being 20, 41, and 26 for the verbal, numerical, and figural tasks respectively. Learning in the other tasks appears satisfactory.
An indication of the reliability of the factor scores on the learning tasks is provided by the final communality estimates determined by an iterative, refactoring procedure. These estimates provide a lower bound for the reliability and are presented in Table  4 . Those for the first component of each task are reasonably high, comparing favorably with those of the ability tests. Those of components after the first are lower, indicating either lower reliability or greater specificity of the component.
Ability Tests
The ability tests were difficult for the subjects, the sixth grade being the lower limit of the range recommended for the tests. Corrected split-half reliabilities and final communality estimates for the ability measures are presented in Table 5 .
Learning and Reference Factors
The loadings of the learning-task components and the ability measures on each of the seven factors rotated to an equamax solution are presented in Table 6 . The factors were interpreted as follows:
Factor I: Verbal ability. The first factor is interpreted as a verbal-ability factor, and it is common to both the learning tasks and the ability measures.
Factor II: Reasoning ability. All of the reasoning tests have their highest loadings on this factor, and the figural paired -associates and rote -memory tasks have high loadings on it. The verbal and numerical tasks do not.
Factor III: Speed. The common element of the variables loading on this factor seems to be that they involve simple operations which almost everyone can do correctly, given enough time. Accordingly, it is called a speed factor. It is apparently not useful in describing performance in the learning tasks.
Factor IV: Rote-memory ability. This factor is involved in the three associative-memory subtests and in all of the paired-associate and rote-memory learning tasks except figural rote memory. It is interpreted to be a rotememory factor common to both the ability measures and the learning tasks.
Factor V: Nonverbal learning. This factor is primarily defined by rotememory tasks involving either numbers or figures. It is interpreted as a nonverbal rote-learning factor distinct from the ability measures.
Factor VI: Concept formation. All of the concept-formation tasks load on this factor and on no other, and no other variable has an appreciable loading on it. Concept formation as defined by the tasks used is not related to the abilities measured or to the other learning tasks.
Factor VII: Verbal learning. This factor is defined primarily by learning tasks involving verbal material. It is interpreted as a verbal learning factor, independent of the abilities measured. Note.-The numbers following the learning task designation indicate the component curves for that task. For example, CF-V-1 is the first component curve of the verbal concept-formation task.
DISCUSSION
In a factor-analytic study, only those dimensions will be revealed along which there is variation in both the variables and the subjects. The generality of the findings is thus restricted by the sampling of measures and people. In this study the sample of subjects is assumed to be representative of the population of sixth-grade children from urban public schools. The sampling of learning tasks and ability measures was, on the other hand, intentionally restricted. It is possible, however, to draw some interesting conclusions regarding the relationships between learning and abilities and learning in different situations.
In the first place, learning is related to measured abilities. With the exception of the concept-formation tasks every learning task was related to one or more of the abilities measured. Furthermore, the abilities were in general appropriate to the a priori classification of the tasks. More specifically, tasks involving words had loadings on verbal factors; tasks involving numbers and figures loaded on nonverbal factors; and paired-associate and rote-memory tasks had loadings on memory factors.
The conclusion that learning and Note,-Decimals are omitted.
• The highest loading for a variable.
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measures of abilities are related is not new, having been reached both in the field of motor tasks (Adams, 1957; Fleishman, 1960; Fleishman & Hempel, 1954 , 1955 and in the field of cognitive tasks (Allison, 1960; Games, 1962; Stake, 1961) . The present results are corroborative of these previous findings and extend their generality to learning tasks more representative of those found in other psychological literature. The second conclusion is that there are learning factors which are independent of the abilities measured. Three such factors were found: The concept-formation factor and the verbal and nonverbal learning factors.
Both Stake (1961) and Allison (1960) also found learning factors, but in neither case did the factors distinguish between verbal and nonverbal tasks. Games (1962) also found two or possibly three remaining factors after rote-and span-memory factors had been partialed out of the learning performances, but he did not interpret them as learning factors.
That the distinction between verbal and nonverbal learning factors is neither obvious nor trivial is indicated both by its failure to appear in the studies cited and by the distinctions which were possible but which did not occur in the present study. For example, the paired-associate and the rotememory tasks did not define separate factors; nor did the numerical and figural materials separate.
It is possible that the learning factors represent abilities which were not included in these measures, but because of the regularity with which factors additional to ability factors seem to be found, it seems unlikely that adding new ability measures will eliminate them. Rather it seems that there are processes involved in active, repetitive learning situations which are independent of the abilities which can be measured in a static testing situation. Interest and motivation might be contributing factors. Gaudry and Champion (1962) have suggested that anxiety (as measured by the Taylor Manifest Anxiety Scale) affects the limit of learning.
The third major conclusion is that learning in one situation is related to learning in others. In other words, while there does not appear to be a general learning factor, it does appear that there are fewer learning factors than learning tasks. This intertask relationship exists both in the ability and learning factors. Each task loads on a unique combination of factors, but the factors are common to other tasks.
The fourth and final conclusion is that the concept-formation tasks used are unrelated to the other learning tasks and to the abilities measured. It is not clear why this should be so. One possibility is that the tasks called concept formation are rather specialized tasks requiring fairly specific abilities which may or may not be the same as those required in the usual scholastic or intellectual tasks thought of as "concept formation." That is, whether the lack of interrelationships lies in the battery of ability tests or in the specially devised learning tasks or both remains at present a puzzle.
